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La norme autrichienne régissant la conception des bassins de rétention des surcharges de réseaux 
d’assainissement unitaires (RAU) a introduit l’efficience de ces déversoirs de réseaux 
d’assainissement unitaires comme indicateur de pollution d’un RAU. Cette norme définit des critères 
supplémentaires de qualité de l’eau ambiante, comprenant six types d’impacts. Cet article décrit les 
contraintes de la législation autrichienne, présente et discute l’exemple d’une modélisation 
hydrologique. L’étude de cas d’Innsbruck (Autriche) est présentée ici, avec une description de la 
construction et de l’étalonnage de modèles. De plus, un exemple montre comment, dans ce cas, les 
performances globales du système peuvent être améliorées par une disposition différente des bassins 
de rétention existants à l’entrée de l’usine de traitement des eaux usées. 
 
MOTS CLÉS 




The Austrian standard for designing combined sewer overflow detention basins introduces the 
efficiency of the combined sewer overflows as an indicator for CSO pollution. Additional criteria for the 
ambient water quality are defined, which comprehend six kinds of impacts. In this paper the Austrian 
legal requirements are described and discussed by means of hydrological modelling. This is 
exemplified by a case study in Innsbruck (Austria), including a description for model building and 
model calibration. Furthermore, an example shows how - in this case – the overall system 
performance could be improved by implementing a cost effective rearrangement of the storage tanks 
already available at the inflow of the waste water treatment plant. 
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One of the main objectives of the European Water Framework Directive (WFD) EU/2000/60/ECWFD 
(2000/60/EC 2000) is the combined emission-water quality-based approach for the decrease of 
pollution from both point and diffuse sources (Achleitner et al. 2005). The Austrian standard for 
designing combined sewer overflow (CSO) detention basins, the ÖWAV-RB 19  (2007) introduces the 
efficiency of the combined sewer overflows (CSO efficiency η) as an indicator for CSO pollution. 
Contrary to the old version of the regulation in which a specific storage volume for each CSO was 
required, in the new guideline the required η can also be achieved by more innovative measures like 
real time control, infiltration etc. The calculation of η requires long term simulations (duration of at 
least 10 years) by means of either hydrological models or hydrodynamic models. Taking the 
complexity of hydrodynamic calculations into account the use of a hydrological model is an obvious 
choice for determining CSO pollution. Because results of urban drainage models can contain 
substantial uncertainties (e.g. Thorndal 2008; Freni et al. 2009; Deletic et al. 2009; Dotto et al. 2009; 
Kleidorfer et al. 2009) an accurate calibration is indispensable. 
Consequently in this paper the Austrian legal requirements of ÖWAV-RB 19  (2007) are described and 
discussed by means of the case study Innsbruck (Austria). Additionally an example is shown how 
sewer system performance can be improved by a cost effective building measure. 
2 TREATMENT OF COMBINED SEWAGE IN AUSTRIA 
In Austria legal requirements for preventing receiving water pollution from combined sewer systems 
are defined in the Austrian standard ÖWAV-RB 19  (2007) and regulate design of CSO detention 
basins. Therein emissions from all CSOs of the entire sewer system connected to one waste water 
treatment plant (WWTP) are regarded together. A closer observation of discharge from single CSOs is 
of minor interest. ÖWAV-RB 19 2007 introduces CSO efficiency  for dissolved pollutants  and 
particulate pollutants  as an indicator for CSO pollution. Thereby  is the part of the surface runoff 
treated at the WWTP and it is expressed in percentage. Consequently the CSO efficiency can be 
calculated after equation 1 
 [1] 
with 
  CSO efficiency      [%] 
VQc  Total volume of the combined sewage   [m
3 /a] 
VQd  Total volume of dry weather flow  [m
3 /a] 
VQR  Total volume of surface runoff    [m
3 /a] 
VQO Total volume of overflow discharge   [m
3 /a] 
CC  Pollutant concentration in combined sewage  [m
3 /a] 
CO  Pollutant concentration in overflow discharge  [m
3 /a] 
The required values for  and  depend on the design basis of the WWTP in population equivalents 
(PE) and the statistical rainfall intensity with a duration of 12 hours and return period once per year 
( 720,1) for the investigated catchment. The requirements for  are shown in Table 1 and the 




 Design basis of the WWTP (PE) 
Rainfall intensity  5 000  50 000 
r720,1  30 mm / 12h 50 % 60 % 
r720,1  50 mm / 12h 40 % 50 % 






 Design basis of the WWTP (PE) 
Rainfall intensity  5 000  50 000 
r720,1  30 mm / 12h 65 % 75 % 
r720,1  50 mm / 12h 55 % 65 % 
Table 2. Required CSO efficiency for particulate pollutants 
The calculation is based on the assumption of constant pollutant concentration in time and along the 
sewer system. Furthermore for calculation of  a perfect mixture of wastewater and stormwater is 
assumed. Hence the concentrations CC and CO from equation 1 are the same and  can be calculated 
as 
  [2] 
 
For calculation of  the removal of sediments is expressed by the mean sedimentation efficiency  
which can be calculated after 
 [3] 
 




As  is difficult to determine ÖWAV-RB 19 2007 presents typical values for sedimentation efficiency 








Specific volume [m³/ha]  
0 0 0 0 
3 5 10 20 
7 10 20 35 
>10 >15 >30 50 
Table 3. Sedimentation efficiency after ÖWAV-RB 19 2007 
Apart from that emission based requirements in ÖWAV-RB 19 2007 also criteria for the ambient water 
quality are defined, which comprehend six kinds of impacts: 
 Hydraulic impact. To prevent impact on the biocoenosis the maximum CSO discharge with a 
return period of one year (Q1) should be smaller than 10% to 50% of the maximum water 
discharge in the river with return period once per year (HQ1) 
 
 [5] 
 Acute ammonia toxicity. The ammonia (NH3) concentration depends on the ammonium (NH4) 
concentration and on the dissociation equilibrium between NH3 and NH4 (which is influenced 
by temperature and pH–value). For salmonid water courses the NH4 concentration calculated 
for one hour duration should not be higher than 2.5 mg/l (equivalent to 0.1 mg/l NH3 with a pH-
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value of 8 and a temperature of 20 C) and not higher than 5.0 mg/l (equivalent to 0.2 mg/l 





,   NH4 conc. in the receiving water downstream the CSO discharge  [mg/l] 
,   NH4 conc. in the receiving water upstream the CSO discharge   [mg/l] 
  NH4 conc. in the dry weather flow      [mg/l] 
   NH4 conc. in the surface runoff       [mg/l] 
,   mean low water flow in the receiving water (MNQ)    [l/s] 
  CSO discharge        [l/s] 
  interceptor capacity        [l/s] 
  dry weather flow        [l/s] 
 
 Oxygen concentration. The oxygen concentration in the receiving water downstream of the 
CSO discharge should not be lower than 5 mg/l. As calculation of oxygen depletion can hardly 
be carried out based on point emissions from urban drainage modelling, according to ÖWAV-
RB 19  (2007) no further investigation is necessary if no anaerobe conditions occur during dry 
weather flow and if the slope of the river is higher than 3–5 m/km. Otherwise deeper 
investigations including measurements in the water course are necessary. 
 
 Solids. For total suspended solids in the receiving water values should not be higher than 
50 mg/l. According to ATV-AG 2.1.1 1993 this limit is expected to be observed if the ratio 
between population and mean low water flow in the receiving water (MNQ) is less than 
25 PE/(l/s) 
 
 Hygienic impact. The European Bathing Water Directive (2006/7/EC 2006) restricts faecal 
coliforms. For inland waters a limiting value of 500 CFU/100ml for Escherichia coli and 500 
CFU/100ml for Intestinal enterococci (both based upon a 95–percentile evaluation) is required 
to reach the classification as “excellent quality”. As the Escherichia coli concentration in 
combined sewage is much higher (105 to 107 CFU/100ml), in case of CSO discharge this limit 
cannot be kept and degradation takes several days. Hence for bathing water CSO discharge 
should be limited as far as possible. 
 
 Aesthetics. At receiving water bodies, which are sensible to aesthetic impacts, rejects should 
be avoided by adding filters and racks at CSOs.  
Further description of the requirements of ÖWAV-RB 19 2007 is available from De Toffol  (2009), who 
also compares legislation and technical guidelines of 17 different countries. 
3 CASE STUDY INNSBRUCH 
The calculation of  should be done as an average over a long-time period of at least 10 years. Hence 
this requires long-term simulation by means of either hydrological models or hydrodynamic models 
with a temporal resolution of rainfall data of 10 minutes or higher. This section shows how the 
requirements of ÖWAV-RB 19 2007 can by analysed by means of hydrological models, exemplified on 
the city Innsbruck (Austria)  
3.1 Catchment characteristics 
Innsbruck is a city located in Tyrol, Austria. The climate is alpine, so the region is characterised by 
cold winters and summers with intense rainfall. Innsbruck is drained in a combined sewer system with 
only a few very small parts of separate sewer systems. The total area drained is about 2 500 ha 
whereof 770 ha are impervious. 127 000 PE in Innsbruck and 38 000 PE from the surrounding 
communities are connected to the WWTP. The total network length (without private connection pipes) 
is approximately 240 km and contains about 5 500 manholes. An overview of the catchment 
characteristic is shown in Table 4. 
The inflow to the sand trap of the WWTP is limited to 2 200 l/s and outflow is limited to 1 900 l/s, but as 
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here a balancing tank with a volume of 8 600 m³ is situated (see Figure 1), the maximum inflow to the 





















Figure 1. Schematic representation of inflow to WWTP 
 
Parameter Value 
Total area 2500 ha 
Impervious area 774 ha 
Inhabitants 127 000 + 38 000(1) 
Basin storage volume 5 100 m³ 
Manholes 5 500 
Network length 240 km 
Number of CSOs 46 
(1) Surrounding communities 
Table 4 System characteristic Innsbruck 
The available data for Innsbruck, which can be used for model building and model calibration is: 
 catchment area and total fraction imperviousness 
 detailed sewer system data (pipes, basins, pumps, ...) 
 rainfall data measurements at 4 rain gauges 
 continuous water level measurements at 19 measurement sites 
 flow measurements 
The data was provided by the operator of the sewer system “Innsbrucker Kommunalbetriebe” (IKB) or 
collected in cooperation with IKB. As the monitoring network is continuously expanded for different 
studies and applications since 2005, different datasets were available. 
3.2 Model setup 
As described by De Toffol et al. 2006 the calculation of CSO efficiency  requires long term 
simulations (duration of at least 10 years) by means of either hydrological models or hydrodynamic 
models. Taking the complexity of hydrodynamic calculations into account it is evident that computing 
time can easily reach extreme amounts (for a given test system several weeks). In contrast, a 
hydrological model of the same sewer system was calculated in some minutes (De Toffol et al. 2006), 
which is due to the more simplified calculation method (Rauch et al. 2002). Therefore, the use of a 
hydrological model is an obvious choice for determining CSO pollution, if it can be set up in short time 
and can be calibrated accurately. 
A rather complex hydrological model was built containing all 35 CSOs and further 11 CSOs in 
surrounding municipalities. Figure 2 shows the hydrological model of Innsbruck represented by the 
software KAREN (Rauch and Kinzel 2007). A description of the rainfall / runoff model used here is also 
available from Kleidorfer et al.  (2009). In Table 5 the system characteristics of the hydrological model 
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Impervious area 781 ha 
Storage volume basins 5 100 m³ 
Storage volume sewers 27 360 m³ 
Inflow to WWTP 2.2 m³/s 
Table 5 System characteristics of the hydrological model of Innsbruck 
 
Figure 2 Hydrological model of Innsbruck represented by the software KAREN (Rauch and Kinzel 2007) 
 
Model calibration 
Kleidorfer et al.  (2006) discussed some aspects of calibration of hydrological models for the 
estimation of CSO performance and concluded that the overflow volume ( ) and the number of 
overflow events ( ) are good calibration parameters for estimating . The duration of overflows ( ) 
and especially the runoff to the WWTP (  ) are not adequate descriptors of system behaviour. 
 is mainly influenced by the dry weather flow and nearly independent from changes in efficiency.  
Of all analysed parameters which can be used for calibration the effective impervious area is the most 
important one for CSO performance. As hydrological models in contrast to hydrodynamic models do 
not represent inline sewer storage volume the virtual CSO storage volume (derived from real CSO 
storage volume + dynamically allocated inline storage of the main sewers of the catchment) and the 
virtual interceptor capacity (derived from real interceptor capacity and the dynamics of throttled flow) 
have to be estimated during calibration. Those are model structure uncertainties which can be only 
estimated by comparing different models. This is discussed for example by De Toffol et al. (2006), who 
compared hydrodynamic and hydrological models. All other model parameters can be neglected in the 
calibration process (i.e. reliable results can be reached with default values). This corresponds with 
findings by Kleidorfer et al.  (2009), where the sensitivity of simulation results of KAREN are analysed 
with respect to the model parameters. Additionally Kleidorfer et al. (2006) showed that it is very difficult 
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to predict the CSO performance when calibrating on single events because the choice of the event, 
which is used for calibration, impacts the result. Using several events for calibration improves the 
process only marginally as the calibration gets increasingly complex with the number of the events. 
Hence it is advisable to calibrate a hydrological model for long time series if the essential data is 
available. This is also discussed by Kleidorfer et al.  (2009) where it was shown that random selection 
of rainfall events for calibration can lead to a complete failure of the calibration process. Additionally 
the impact of the number and location of measurement sites used for calibration was analysed. Here 
measurements of 30% to 50% of all CSOs are required to reach a sufficient calibration. A further 
number of measurement sites does not improve calibration performance.  
 
For the case study Innsbruck no explicit CSO discharge measurements but only water level 
measurements were available. As in hydrological models water levels are no model output they cannot 
be used directly for calibration. Instead CSO discharge is calculated from water level measurements 
by means of overflow equations (e.g. Poleni equation). Sitzenfrei et al. (2007) and Fach et al. (2008) 
performed simulations with a computational fluid dynamic model and showed that this procedure leads 
to sufficient results when the coefficients of discharge are set according to guiding rules (e.g. ATV-
A 111 E 1994). 
Consequently - as suggested by Kleidorfer et al. (2009) - the model is calibrated on long–time 
performance, i.e. on the sum of CSO discharge over the period of approximately two years. This was 
the entire time–period for which calibration–data was available for most measurement sites to the date 
of this study. Figure 3 shows a comparison of measured (black bars) and simulated (grey bars) CSO 
discharge for 15 measurements sites. Additionally, the deviation for each CSO is shown which 
reaches from -6.6% to +2.9%. As the sum of the overflow volume highly varies among the different 
sites the values are presented on a logarithmic scale. 
 
 
Figure 3. Comparison of measured and simulated data for calibration period 
 
Parameter Value 
impervious area before calibration 915 [ha] 
storage volume (incl. inline sewer storage) before calibration 30970 [m³] 
specific storage volume before calibration 34 [m³/haimp] 
effective impervious area after calibration 781 [ha] 
total fraction imperviousness after calibration 0.85 [-] 
storage volume after calibration 27361 [m³] 
specific storage volume after calibration 35 [m³/haeff,imp] 




3.3 Model results 
As for Innsbruck two long–time rainfall series (> 10 years) are available for the estimation of CSO 
efficiency, both series are used for simulation. Table 7 shows required and estimated CSO 
efficiencies. Due to different rainfall characteristics at the two rain gauges (different r720,1) not only 
estimated values but also required values (criteria ) differ. Nevertheless the deviation of required 
values and estimated ones is very similar. 
 
 Rain Gauge Innsbruck University 1992/01/01 – 2006/12/31 
 required estimated estimated - required 
ηd 58.5 65.7 7.2 
ηp 73.5 69.7 -3.8 
 Rain Gauge Innsbruck Airport 1992/01/01 – 2006/12/31 
 required estimated estimated - required 
ηd 56.0 63.8 7.8 
ηp 71.0 68.2 -2.8 
Table 7 Required and estimated CSO efficiency Innsbruck without building measures 
As one can see, the requirements for hydraulic CSO efficiency for dissolved pollutants are exceeded 
by about 10 percent points, but requirements for particulate pollutants are not met. This difference is 
caused because there are only a few storage basins with a storage volume of only 5 100 m³ compared 
to a rather large inline sewer storage capacity, which does not contribute to sedimentation of 
particulate pollutants. 
Results from analysis of the impact for ambient water quality, which are based on urban drainage 
modelling (hydraulic impact and acute ammonia toxicity) are given in Table 8 for the two rivers Inn and 
Sill. Thereof no more detailed investigation is necessary. 
 
 Requirement RG University RG Airport 
Hydraulic impact Inn Q1 < 0.5 HQ1=196 m³/s 52 m³/s 75 m³/s 
Hydraulic impact Sill Q1 < 0.5 HQ1=47.4 m³/s 3 m³/s 4 m³/s 
Acute NH4 toxicity Inn cr,d < 2.5 mg/l 0.34 mg/l 0.35 mg/l 
Acute NH4 toxicity Sill cr,d < 2.5 mg/l 0.25 mg/l 0.25 mg/l 
Table 8. Impact for ambient water quality Inn and Sill 
3.4 System improvement 
To improve CSO efficiency for particulate pollutants several building measures in the system were 
analysed. One of them is the utilization of the balancing tank of the WWTP as CSO basin (see Figure 
4). Therefore only minor building measures were required and hence this measure was very cost-
effective. On the other hand side in the model the outflow of the sewer system had to be reduced from 



















Figure 4. Schematic representation of inflow to WWTP 
 
Table 9 shows simulation results when taking into account the additional storage volume and change 
of maximum runoff to the WWTP. Here one can see that CSO efficiency for dissolved pollutants has 
increased by about 0.9 % points whereas CSO efficiency for particulate pollutants has increased by 
about 3.2 %percent point. Now the requirements for CSO efficiency for particulate pollutants are met 
when using rainfall data from the rain gauge “Airport”, but not when using rainfall data from rain gauge 
“University”. Nevertheless calculated values are very close to the required ones for both rain gauges.  
 
 Rain Gauge Innsbruck University 1992/01/01 – 2006/12/31 
 Required estimated estimated - required 
ηd 58.5 66.6 8.1 
ηp 73.5 72.8 -0.7 
 Rain Gauge Innsbruck Airport 1992/01/01 – 2006/12/31 
 Required estimated estimated - required 
ηd 56.0 64.6 8.6 
ηp 71.0 71.4 0.4 
Table 9. Required and estimated CSO efficiency Innsbruck including building measures 
The results described above originate from a study in the year 2007. Currently – in a new study – the 
estimated system improvement is revised by taking into account new measurement data from 2007 
until now - including the influence of spatial rainfall distribution on the performance. 
4 DISCUSSION 
In this paper the requirements of the Austrian guideline ÖWAV-RB 19  (2007) for restricting combined 
sewer overflow emissions are shown and an application of an hydrological model for analysing those 
requirements is presented. This study shows how the overall system performance can be improved by 
implementing a cost effective rearrangement of the storage tanks already available at the inflow of the 
waste water treatment plant. When taking into account only this building measure alone, the required 
CSO efficiency for particulate pollutants is met when using rainfall data of one of the two rain gauges 
available but not when using rainfall data of the other one. Although the difference of the simulation 
results is marginal (both estimated values are very close to the required ones and hence no real 
discrepancy is visible), the question arises how such results should be interpreted and discussed with 
decision makers. 
For scientific studies a comprehensive uncertainty analysis is possible which results in an uncertainty 
bound of model predictions. But as such an analysis is not designated in ÖWAV-RB 19  (2007), it 
remains difficult communicate such results. Nevertheless this problem should be addressed by 
including different sources of uncertainties. For spatial rainfall distribution and the influence of 




LIST OF REFERENCES  
2000/60/EC (2000). Directive of the European Parliament and of the Council establishing a framework for 
Community action in the field of water policy. 
2006/7/EC (2006). Directive 2006/7/EC of 15 February 2006 concerning the management of bathing water quality 
and repealing Directive 76/160/EEC. 
Achleitner, S., S. De Toffol, C. Engelhard and W. Rauch (2005). "The European Water framework directive: Water 
quality classification and implications to engineering planning." Environmental Management 35(4): 517-
525. 
ATV-A 111 E (1994). Standards for the Hydraulic Dimensioning and the Performance Verification of Stormwater 
Overflow Installations in Sewers and Drains, DWA e.V., Hennef. 
ATV-AG 2.1.1 (1993). "Weitergehende Anforderungen an Mischwasserentlastungen." Korrespondenz Abwasser 
35(5). 
De Toffol, S. (2009). Sewer system performance assessment - an indicator based methodology (PhD thesis). 
Innsbruck, innsbruck university press. 
De Toffol, S., M. Kleidorfer and W. Rauch (2006). "Vergleich hydrodynamischer und hydrologischer  
Simulationsmodelle bei der Berechnung der Emissionen von Mischwasserbehandlungsanlagen." Wiener 
Mitteilungen 196: H1-H20. 
Deletic, A., C. B. S. Dotto, T. D. Fletcher, D. T. McCarthy, J. L. Bertrand-Krajewski, W. Rauch, M. Kleidorfer, G. 
Freni, G. Mannina and S. Tait (2009). Defining Uncertainties in Modelling of Urban Drainage Systems. 
8th International Conference on Urban Drainage Modelling, Tokyo, Japan. 
Dotto, C. B. S., A. Deletic and T. D. Fletcher (2009). "Analysis of parameter uncertainty of a flow and quality 
stormwater model." Water Science & Technology 60(3): 717 - 725. 
Fach, S., R. Sitzenfrei and W. Rauch (2008). Assessing the relationship between water level and combined sewer 
overflow with computational fluid dynamics. 11th International Conference on Urban Drainage, 
Edinburgh, Scotland. 
Freni, G., G. Mannina and G. Viviani (2009). "Uncertainty assessment of an integrated urban drainage model." 
Journal of Hydrology 373(3-4): 392 - 404. 
Kleidorfer, M., A. Deletic, T. D. Fletcher and W. Rauch (2009). "Impact of input data uncertainties on urban 
stormwater model parameters." Water Science and Technology 60(6): 1545 - 1554. 
Kleidorfer, M., S. S. Meyer and W. Rauch (2006). Aspects of calibration of hydrological models for the estimation 
of CSO performance. 2nd International IWA Conference on Sewer Operation and Maintenance, Wien. 
Kleidorfer, M., M. Moderl, S. Fach and W. Rauch (2009). "Optimization of measurement campaigns for calibration 
of a conceptual sewer model." Water Science and Technology 59(8): 1523-1530. 
ÖWAV-RB 19 (2007). Richtlinie für die Bemessung von Mischwasserentlastungen, Österreichischer Wasser- und 
Abfallwirtschaftsverband, Wien. 
Rauch, W., J. L. Bertrand-Krajewski, P. Krebs, O. Mark, W. Schilling, M. Schütze and P. A. Vanrolleghem (2002). 
"Deterministic modelling of integrated urban drainage systems." Water Science and Technology 45(3): 
81-94. 
Rauch, W. and H. Kinzel (2007). "KAREN - User Manual." hydro-IT GmbH, Innsbruck. 
Sitzenfrei, R., S. Fach and W. Rauch (2007). Schlüsselkurven Regenüberläufe, Bestimmung der Beziehung 
zwischen Wasserstand und Entlastungsvolumina in Mischwasserüberläufen. Innsbruck, Universität 
Innsbruck, Arbeitsbereich Umwelttechnik. 
Thorndal, S. (2008). Uncertainty assessment in long term urban drainage modelling. Department of Civil 
Engineering, Aalborg University. PhD. 
 
 
